By building it in from the start, higher long-term device yields are possible.
Figure 1. Complete design flowchart.
reports that do discuss reliability, 3, 4 they do not explicitly discuss OMEMS nor the concept of maximum range.
Let us consider an optical design process. 5, 6 Since many specifications must be met, only one is selected as the key design
Continued on next page
10.1117/2.1200705.0728 Page 2/2 parameter. For example, insertion loss (IL) could be that parameter. This means that all other parameters are varied to optimize this specification. The design process begins by collecting all the relevant information such as wavelength, mode field diameter, etc. and by listing all the design constraints, such as maximum mirror tilt, dimensions of the optical components, etc. Using Gaussian equations, parameters such as focal length and distances between elements can be calculated, after which IL and MEMS parameters can be determined. At this stage, a check is made to ensure that all parameters are realistically achievable by the manufacturers and the intended MEMS process.
Once a realistic design is available, the sensitivity of the device to each parameter is calculated. This is achieved by varying each parameter individually within its error range and monitoring its effect on IL. In this way, a maximum range is assigned for each error affecting the system, such that the overall IL remains within specifications. Alternately, the range may be set by manufacturer specifications. For example, the optical design may require a 1mm-focal length lens. The manufacturer may specify his lenses as having focal lengths with values of 1±0.01mm. The error range for focal length is then 0.02mm. In a real system, errors will occur simultaneously. Therefore, in order to calculate IL for the entire system, a Monte Carlo analysis is carried out by randomly picking a value for each parameter from anywhere within its specified range.
So far, reliability for time-varying changes are not yet included in the process. Although they need to be taken into account, there is no consideration of how or why a change has occurred, but only of the maximum range through which the relevant parameter can vary. Since this approach is the same as that used in standard optical design, including optical reliability issues in the design process is then straightforward, once reliability experiments have provided relevant data. A flowchart of such a design process is shown in Figure 1 .
The problem that we set out to solve was two-fold. We needed a systematic design approach that could also include reliability data so as to improve the long-term functioning of the device. We have developed a design method that incorporates the known quantities of the design along with calculated error ranges. Our calculations show that including reliability error ranges can improve the long term yield. The method requires further testing involving more designs using actual reliability data. 
